In this article, we introduce a project aimed at enhancing a valency lexicon of Czech verbs with semantic information. For this purpose, we make use of FrameNet, a semantically oriented lexical resource. At the present stage, semantic frames from FrameNet have been mapped to eight groups of verbs with various semantic and syntactic properties. The feasibility of this task has been verified by the achieved inter-annotator agreement measured on two semantically and syntactically different groups of verbs -verbs of communication and exchange (85.9% and 78.5%, respectively). Based on the upper level semantic frames from the relation of 'Inheritance' built in FrameNet, the verbs of these eight groups have been classified into more coherent semantic classes. Moreover, frame elements from these upper level semantic frames have been assigned to valency complementations of the verbs of the listed groups as semantic roles. As in case of semantic frames, the achieved interannotator agreement concerning assigning frame elements measured on verbs of communication and exchange has been promising (95.6% and 91.2%, respectively).
Introduction
Information on syntactic and semantic properties of verbs, which are traditionally considered as the center of sentence, plays a key role in many rule-based NLP tasks as machine translation, information retrieval, text summarizing, question answering, etc. Lexical resources providing such information are designed within different theoretical frameworks and different theoretical assumptions are also reflected in their annotation schemes. As a result, there are great differences between individual lexical resources: each lexical resource captures different types of information. Consequently, interlinking information from several lexical resources represents an effective way of enriching a particular lexical resource.
However, differences in theoretical assumptions reflected in lexical resources bring several difficulties with mapping information: the different level of granularity in word sense disambiguation represents a typical example. Moreover, other requirements for harmonizing linguistic information are imposed on interlinking information from lexical resources of different languages: a fundamental prerequisite for successful mapping lies first of all in an accurate translation.
In this contribution, we introduce a project aimed at enhancing a valency lexicon of Czech verbs, VALLEX , with semantic information from FrameNet (Baker et al., 1998) . This project can be seen as a pilot project focusing on mapping information from a lexical resource of a different language, namely from the English lexical resource (FrameNet) onto the Czech lexical resource (VALLEX). VALLEX and FrameNet are based on different theoretical assumptions: VALLEX takes primarily syntactic criteria in describing valency whereas FrameNet adopts more semantically oriented approach to valency. Moreover, in the project, we have to cope with the different levels of granularity in word sense disambiguation made in VALLEX and FrameNet.
The project consists of several steps. First, semantic frames from FrameNet were manually mapped onto valency frames of Czech verbs from the chosen groups of verbs, namely verbs of communication, mental action, psych verbs, verbs of social interaction, exchange, motion, transport, location. Second, frame elements from the assigned semantic frame were assigned to valency complementations of the given verbs. Then semantic frames from appropriate upper levels of abstraction based on the relation of 'Inheritance' built in FrameNet were used for classifying the verbs of the given groups into more coherent semantic classes. Moreover, frame elements from these upper level semantic frames were assigned to valency complementations of Czech verbs as semantic roles.
Manual annotation, despite being highly time consuming, seems to be indispensable at this stage of research as it brings necessary insight into the problem. Moreover, it allows us to reach the desired quality of the resulting annotation.
Two aspects are addressed in this project: (i) a practical aspect -providing data for NLP tasks, such as generation, information retrieval, or question answering, and (ii) a theoretical aspect -semantic classes allow us to observe the relation between semantic properties of verbs and their syntactic behavior; further, semantic roles enable us to make inference on lexical entailments that verbs impose on their valency complementations.
The present paper is structured as follows: in Section 2 we briefly describe two lexical resources VALLEX and FrameNet; moreover, we provide a motivation for introducing semantic information from FrameNet to VALLEX. Section 3 is focused on our experiment with mapping semantic frames and frame elements onto valency frames and valency complementations, respectively. Evaluation of both annotations is presented. In Section 4, use of the relation of 'Inheritance' built in FrameNet for classifying Czech verbs and assigning semantic roles to their valency complementations is discussed. Finally, the results of this experiment and future work are summarized.
Two Lexical Resources: VALLEX and FrameNet
In this section, we briefly characterize two lexical resources used in the project: VALLEX, which takes into account mainly syntactic criteria for the description of valency characteristics of verbs, and the semantically oriented FrameNet.
VALLEX -Valency Lexicon of Czech Verbs VALLEX 2.5
1 provides information on the valency structure of verbs in their particular senses: on the number of valency complementations, on their type labeled by functors, and on their morphemic forms (Žabokrtský and Lopatková, 2007 (Sgall et al., 1986) . FGD applies more syntactically oriented approach to valency, see esp. (Panevová, 1994) . Valency complementations are sorted out into inner participants (arguments) and free modifications (adjuncts). Both inner participants and free modifications may be obligatory or optional. Five verbal inner participants are determined rather on the basis of syntactic behavior of verbs: 'Actor' (labeled by functor ACT), 'Patient' (PAT), 'Effect' (EFF), 'Addressee' (ADDR) and 'Origin' (ORIG). In contrast to inner participants, free modifications are semantically distinctive, e.g., 'Location', 'Direction-where', 'Temporal-when', 'Cause' or 'Means', see .
FrameNet
FrameNet 3 is an on-line lexical database documenting semantic and syntactic combinatory possibilities (valences) of each word in each of its senses (Baker et al., 1998) . FrameNet is based on frame semantics (Fillmore et al., 2003) and its annotation is supported by corpus evidence: each LU evokes a particular semantic frame (SF) underlying its meaning. Each SF is conceived as a "conceptual structure describing a particular type of situation, object, or event" (Ruppenhofer et al., 2006) . Each SF contains the so-called frame elements (FEs), i.e., semantic participants which are understood as components of such situations. FrameNet contains more than 12 thousand LUs in 1 126 semantic frames, exemplified by more than 160 thousand lexicographic annotation sets.
FrameNet builds a wide network of hierarchical relations between SFs and their FEs. For the purpose of enhancing VALLEX with semantic information, we use the transitive relation of 'Inheritance', which is informally described as follows: "Inheritance -everything which is true about the semantics of the parent frame holds for the semantics of its child frame(s). Each FE from the parent frame (except for extrathematic FEs) is related to a relevant FE in the child frame" (Ruppenhofer et al., 2006) .
Motivation for Introducing Semantic Information to VALLEX
In this section, we discuss the motivation for enhancing VALLEX with missing semantic information, namely semantic classes and semantic roles.
Semantic classes. Semantic classes provide information on relations between
LUs. At present, VALLEX does not offer sufficient insight into the way a particular LU relates to another LU(s). For illustration, LUs sharing the same morphosyntactic characteristics may have the same valency frame. Thus they remain indistinct with respect to the valency structure, despite being semantically different, see the pairs of sentences (1)- (2) and (3)- (4). (1 (1)- (2) and (3)- (4) allows us to differentiate between the given LUs: the verb vymyslet 'to think up' is classified as belonging to the SF 'Coming_up_with', example (1), whereas the SF 'Intentional_traversing' is assigned to vyjít 'to climb', example (2). Similarly, different SFs, the SF 'Statement' and the SF 'Bringing', correspond to the LUs from examples (3) and (4), respectively.
Further, semantic classes make it possible to generalize about syntactic behavior of LUs with similar semantic properties. We suppose that verbs that fall into the same class exhibit similar syntactic behavior, see also (Levin, 1993) . For illustration, the verb vystoupat 'to ascend' and the verb vyjít 'to climb' appertaining to the SF 'Intentional_traversing' share the same valency frame. Similarly, other verbs, e.g. navrhnout 'to devise', formulovat 'to formulate', and vynalézt 'to invent' evoking by the SF 'Coming_up_with' are described by the same valency frame.
Semantic roles. Semantic roles represent one of the oldest linguistic constructs associated with a huge variety of sets of roles. These sets range from verb-specific roles, such as the 'Perpetrator' and 'Victim' for the verb 'to rape', or domain-specific roles, such as the 'Cook' and 'Produced_food' for the verbs 'to cook' or 'to bake', to general roles, such as the 'Agent', 'Theme', 'Beneficiary', or "protoroles'', Proto-Agent and Proto-Patient, see (Dowty, 1991) . FGD -using five functors for inner participants and more semantically specific functors for free modifications -lies in between these approaches, see Section 2.1. We suppose that identifying more specific semantic roles for valency complementations allows us to determine which role an individual complementation plays in a situation portrayed by a LU. Moreover, they enable us to draw inferences on lexical entailments imposed by LUs on their complementations.
For illustration, the verb vymyslet 'to think' in (1) is classified as belonging to the SF 'Coming_up_with' and thus the valency complementations 'Actor' and 'Patient' are mapped onto the FEs 'Cognizer' and 'Idea', respectively; whereas in case of the verb vyjít 'to climb' in (2) appertaining to the SF 'Intentional_traversing', these complementations are interlinked with the FEs 'Self_mover' and 'Path', respectively. Similarly, the valency complementations 'Actor', 'Addressee' and 'Patient' are described by the FEs 'Speaker', 'Addressee' and 'Message' from the SF 'Statement' in case of the verb vyprávět 'to tell' in (3) , and by the FEs 'Agent', 'Goal' and 'Theme' from the SF 'Bringing' in case of the verb přinést 'to bring' in (4), respectively.
Mapping Semantic Information from FrameNet onto VALLEX
In this section, we report on mapping semantic information from FrameNet onto VALLEX, namely interlinking Czech LUs in VALLEX with SFs from FrameNet (Section 3.1) and their valency complementations with FEs from these SFs (Section 3.2).
Mapping Semantic Frames onto Czech Lexical Units
As the first step, we translated each LU belonging to groups of verbs of communication (C), mental action (MA), psych verbs (P), verbs of social interaction (SI), exchange (E), motion (M), transport (T), and location (L) from Czech into English. 4 The total number of annotated Czech LUs was 1 881 (341 verbs of communication, 308 verbs of mental action, 83 psych verbs, 85 verbs of social interaction, 129 verbs of exchange, 347 verbs of motion, 189 verbs of transport, and 399 verbs of location). Then the annotators had to indicate an appropriate SF (unambiguous assignment of SF) or more than one SF (ambiguous assignment of SF) for these LUs in FrameNet. The annotators could also conclude that no SF corresponds to a given Czech LU. For the overall statistics see Table 1 . The most frequent SFs assigned to Czech LUs include the following ones: Inter-annotator agreement. The feasibility of the assignment of SFs to Czech LUs was confirmed by the achieved inter-annotator agreement (IAA) measured on the groups of verbs of communication and exchange; these groups of verbs were chosen with respect to their different syntactic and semantic properties (Kettnerová et al., 2008b,a) . Table 2 summarizes the inter-annotator agreement (IAA) and Cohen's κ statistics, see (Carletta, 1996) , on the total number of SFs assigned to verbs of communication and Ambiguous assignments of SFs. Ambiguous annotations (i.e., annotations where the annotator has indicated more than one SF to a particular LU) draw attention to the divergence in granularity of word sense disambiguation adopted by VALLEX and FrameNet, which represents a great setback in any project dealing with mapping lexical resources.
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First, let us focus on the cases in which two (or more) SFs mapped to a single Czech LU are connected by the hierarchical relation of 'Inheritance' -in general, there are these cases that reveal the finer granularity of senses applied in FrameNet. For instance, the SFs 'Bringing' and 'Smuggling' are assigned to the single Czech LU převézt pf , převážet impf 'to transport' / 'to smuggle', as in They transported grapes to the wine lodges and They smuggle cocain from Peru to Britain, respectively. The SF 'Smuggling' inherits the characteristics from the SF 'Bringing', its ancestor in the relation of 'Inheritance'; i.e., although the LU 'to smuggle' from the SF 'Smuggling' is semantically more specified -the transport is typically illegal -it inherits semantic properties from the LU 'to transport' evoking the SF 'Bringing'. We will return to the problem of different level of granularity of word sense disambiguation in Section 4.1 where we propose a method of overcoming this difficulty. This method also settles the ambiguous annotation in which sibling SFs in the relation of 'Inheritance' (or SFs with a common ancestor on an appropriate level, see below) are assigned to a single Czech LU.
Second, the ambiguous annotations of SFs that do not arise from the finer granularity (see above) may reveal mistakes in word sense disambiguation made in VALLEX. For instance, the SFs 'Grant_permission' and 'Permitting' are assigned to the Czech LU dovolit pf , dovolovat impf 'to allow', as in Peter has allowed me to smoke here and This program allows data checking, respectively. Although the verbal occurrences appear to be semantically close, the SFs evoked by them are not in the relation of 'Inheritance'. Thus this Czech LU represents a candidate for being split into two distinct senses. As a consequence, the FrameNet data can be used for checking word sense disambiguation in VALLEX.
Mapping Frame Elements onto Valency Complementations
If the human annotators indicated an appropriate SF for a Czech LU, they assigned the FE(s) from this SF to the valency complementation(s) (VCs in the following table) of the given Czech LU. Similarly as in case of mapping of SFs, more than one FE could be assigned to a single valency complementation ('Ambiguous annotation of FEs'). When no FE corresponded to a particular complementation, the annotators concluded that the given FE was missing. For the overall statistics see Table 3 .
Inter-annotator agreement. As in case of SFs, the inter-annotator agreement (IAA) and κ statistics measured on the FEs assigned to the valency complementations of the verbs of communication and exchange gave satisfactory results, see Table 4 .
Ambiguous assignments of FEs. Type A. The first type of ambiguous assignments of FEs represents cases when an annotator concluded that more than one FE from a single SF corresponded to a single valency complementation due to a variety of lexical entailments imposed by a verb on such valency complementation. We can illustrate this case by the verb zkontrolo- vat translated as 'to check', which belongs to the (only one) SF 'Inspecting' but has an ambiguous assignment of FEs, namely 'Patient' is labeled both with the FE 'Desired_state' and with the FE 'Ground', see (5)- (6) This case of the ambiguous assignment of FEs often results from the different approach to in/animateness which FrameNet and VALLEX take: VALLEX does not take into account in/animateness of the first and second inner participants, so 'Actor' and 'Patient' are often assigned ambiguously (in contrast to more semantically based valency complementations), see examples (7)- (8) in which the FEs 'Speaker' and 'Medium' are mapped onto 'Actor' of the verb diktovat 'to dictate': Type B. The second type of the ambiguous assignment of FEs arises from the ambiguous assignment of SFs. In case that more than one SF were assigned to one Czech LU, the valency complementations of such Czech LU got FEs from all these SFs. For illustration, the Czech verb dodat pf , dodávat impf translated by English verbs 'to supply' and 'to deliver' falls into the SFs 'Supply' and 'Delivery'. Thus the valency complementations of this verb are linked both with the FEs 'Supplier, 'Theme' and 'Recipient' belonging to the SF 'Supply' and with the FEs 'Deliverer', 'Recipient', and 'Theme' coming from the SF 'Delivery', see example (11a)- (11b): (11) Similarly as for SFs, the affected FEs may be connected by the relation of 'Inheritance' (as a result of SFs being in this relation). These cases arise from finer-grained granularity of word sense disambiguation in FrameNet. We will focus on them in Section 4.
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In cases when ambiguously assigned FEs do not come from SFs connected by the relation of 'Inheritance' they may point out to mistakes in word sense disambiguation in VALLEX. These cases are left aside here.
Enhancing VALLEX with Semantic Information
In this section, we propose a method of enriching VALLEX with semantic classes (Section 4.1) and with semantic roles (Section 4.2) based on upper level SFs and their FEs from the relation of 'Inheritance'.
Enhancing VALLEX with Semantic Classes
In classifying Czech LUs into semantic classes and assigning semantic roles to their valency complementations, the semantic relation of 'Inheritance' plays a key role. This relation links such SFs which share basic semantic properties: each child frame inherits semantics from its parent frame(s). As for semantic classes, SFs from the appropriate upper level of this relation are chosen (top level SFs -represented by non-lexical and abstract SFs or SFs indicating a very general event -were disregarded); i.e., each Czech LU was classified according to the selected ancestor of the assigned SF. This method allows us to overcome the problem with coarser level of granularity made in VALLEX.
Let us demonstrate the principles of this classification on the verb vyhnout se pf , vyhýbat se impf 'to sidestep'. This verb belongs to the SF 'Dodging' whose upper level ancestor SF in the relation of 'Inheritance' is represented by the SF 'Avoiding'. Thus to the given Czech LU, the SF 'Avoiding' is assigned as a semantic class. The same class is assigned also to the verbs belonging to the other descendant SF of 'Avoiding', namely 'Evading' (e.g., uhnout pf , uhýbat impf 'to dodge'). See Figure 1 displaying the relation of 'Inheritance' of the SFs 'Avoiding', 'Dodging' and 'Evading'.
However, in case a Czech LU exhibits different morphosyntactic properties than LUs assigned by the relevant ancestor SF, we use the SF from an appropriate lower level of the relation of 'Inheritance'. E.g., the verb doprovodit pf , doprovázet impf 'to accompany' belongs to the SF 'Cotheme' with the ancestor SF 'Self_motion'. Since in Czech this verb has different valency frame (obligatory 'Patient') than verbs onto which the SF 'Self_motion' was mapped (e.g., běhat 'to run', kráčet 'to march', létat 'to fly'), the SF 'Cotheme' from the lower level of the relation of 'Inheritance' was used as semantic class.
We set 81 SFs in total as candidates for semantic classes for verbs from the above mentioned eight groups of verbs, the entire list can be found in Appendix A.
The coverage of selected groups of verbs with these semantic classes is summarized in Table 5 (the numbers indicate a percentage of the annotated verbs from individual 'supergroups' to which semantic classes based on the selected SFs were as- signed). The differences in coverage are given primarily by the different coverage of the relation of 'Inheritance' in FrameNet. The proposed method consisting in attributing the ancestor SFs of the assigned SFs as semantic classes allows us to overcome the problem with different granularity of verb senses in FrameNet and VALLEX. This method results in a usable set of syntactically and semantically homogeneous verb classes. Moreover, it represents also a solid basis for semantic classification of valency complementations, which is addressed in the following section.
Assigning Semantic Roles to Valency Complementations
Based on SFs mapping, we enhanced the valency lexicon with semantic roles. For this purpose, we use FEs from the ancestor SFs of the relation of 'Inheritance' that were Groups of verbs Coverage
Overall 76% chosen as semantic classes. For illustration, the valency complementations of the verb vyhnout se pf , vyhýbat se impf 'to sidestep', included in the semantic class 'Avoiding' (representing the selected ancestor for the assigned SF 'Dodging') were labeled with FEs belonging to the SF 'Avoiding', namely 'Agent', 'Undesirable_situation', and the others, see Figure 3 .
We obtained 327 FEs in total as candidates for semantic roles for the mentioned 8 'supergroups' of Czech verbs (only core FEs 6 as the most important ones are counted). The entire list can be found in Appendix B.
Similarly as in the case of semantic classes, there are differences in coverage of semantic roles, which are mainly given by the different coverage of the relation of 'Inheritance' in FrameNet.
Conclusion
We introduced the project aimed at enhancing the valency lexicon with missing semantic information -semantic classes and semantic roles. For this purpose, we made use of FrameNet data. We proposed a method of overcoming the problem with finer granularity of word sense disambiguation made in FrameNet. This method is based on the relation of 'Inheritance' built in FrameNet. As a result, 8 'supergroups' of Czech verbs, verbs of communication, mental action, psych verbs, verbs of social interaction, exchange, motion, transport, and location (specifically, 1 270 lexical units covering 2 129 Czech verbs in total if perfective and imperfective verbs being counted separately) were classified into syntactically and semantically coherent classes and their valency complementations have been characterized by semantic roles adopted from the FrameNet lexical database.
As for future work, we intend to experiment with other groups of verbs and to increase the coverage of semantic information following the progress made in FrameNet.
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